JP 93224245A Machine Translation 



25916-0232 ids 5/02 
Ref. B3 (2/2) 



(19) [jeffH] b*h**Mt ( j p) 

(12) J £BH£ft**tt (A) 

(ID [fcBMMJ] »BH¥5 -2 2 4 2 4 5 

(43) [^BBS] fS5^ ( 1 9 9 3) 9330 

(54) [$e«!0*ffr] /W?ij y K AH 7 HJ? 

(51) [9|gftft#a«5lifi] 

G02F 1/313 7246-2K 
G02B 6/12 J 7036-2K 

H04B 10/02 
[F I] 

H04B 9/00 T 8426-5K 

[*si**3 

[±K*3 5 

(21) [fcbH#^] 4#JH^F 4- 2 7 0 0 3 

(22) [ffljlH] ^$4^ (1992) 2^140 

(71) [ttJMA] 

[I*SJ#-^3 000004237 

CttBfXIiSBf] 3E£fl5;tl22£Tg 711^ 

(72) [*«*] 
[ft*] ifijg Jtft 

[ttBTXIiSBf] SSSli^E^STS 7#1 ^ 0*1 
(74) [ftlA] 



(19) [Publication Office] Japanese Patent Office (JP) 

(12) [Kind of Document] Japan Unexamined Patent Publication 
(A) 

(11) [Publication Number of Unexamined Application] Japan U 
nexanined Patent Publication Hei 5 - 224245 

(43) [Publication Date of Unexamined Application] 1 993 ( 1 99 
3) September 3 days 

(54) [Title of Invention] HYBRID OPTICAL CIRCUIT AND 
MATRIX OPTICAL SWITCH 

(51) [International Patent Classification 5th Edition] 

G02F 1/313 7246-2K 

G02B 6/12 J7036-2K 

H04B 10/02 
[FT] 

H04B 9/00 T8426-5K 
[Request for Examination] Examination not requested 
[Nunte of Claims] 2 
[Number of Pages in Document] 5 

(21) [Application Nurrber] Japan Patent Application Hei 4 - 27 
003 

(22) [Application Date] 1992 (1992) February 14day 

(71) [Applicant] 
[Applicant Code] 000004237 

[Name] NEC CORPORATION (DB 69-054-1685) 
[Address] Tokyo Minato-ku grass 5-7- 1 

(72) [Inventor] 

[Name] Kondo being full harmony 

[Address] Inside of Tokyo Minatoku grass 5-7- 1 NEC Corpor 
ation(DB 69-054- 1685) 

(74) [Attorneys) Representing All Applicants] 

P.l 



ISTAs Paterra(tm), Version 1 .5 (There may be errors in the above translatioa ISTA cannot 
be held liable for any detriment from its use, WWW: http://www.intlscience.com Tel: 800-430-5727) 



JP 93224245A Machine Translation 



(57) 

4, ttj*tjt»a»2 6. 2 7 *^S6Bi3R^A<»a$tL-C 

»f * £ wi«i* 4 a»ii*«»»(= «*: y $ timm £ is 




[Patent Attorney] 
(57) [Abstract] 

[Objective] Accumulation scale to be large, furthermore low los 
s low lossthe matrix optical switch is offered with optical circuit 
and large scale with high grade function. 

[Constitution] On silicon substrate 2 1 branched interference sh 
ape optica] modulator 22,23, optical switch 25 or other active 
element, rrultiplexer 24, emitted light waveguide 26,27 or 
other passive element being accumulated, to be, passive optical 
waveguide portion in passive element and active element, 
branching and confluent portion etc of for example branched 
interference shape optical modulator, through thebuffer layer 
34 of silicon dioxide on silicon substrate 2 1 , in silicon dioxide 
which is installed thetitanium dioxide or other index of 
refraction are formed from optical waveguide of first which 
consists of thematerial which substance which increases doped is 
done, portionwhich controls index of refraction with applying 
voltage of active element is formed by theorganic material 
and is constituted by second optical waveguide which installs 
electrode. 
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[Clairr(s)] 

[Claim 1] Hybrid optical circuit which consists of with second o 
ptical waveguide which designates organic materialwhere is 
formed on first optical waveguide and aforementioned silicon 
substrate whichconsist of substance where index of refraction is 
large it is formed on thesilicon dioxide film which was formed 
on silicon substrate, possesses end of at least one,designates 
silicon dioxide as main component and in comparison with 
theaforementioned silicon dioxide film connects to optical in 
end of theaforementioned first optical waveguide as main 
component and electrode which is installed inthe second optical 
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waveguide vicinity. 

[Qaim2] It is formed on silicon dioxide film which was formed 
on silicon substrate, At least matrix optical switch which is 
formed by with optical switch element which consists ofthe 
electrode which is installed in second optical waveguide and its 
second optical waveguide vicinity whichdesignate organic 
materia] where is formed on first optical waveguide and 
theaforementioned silicon substrate which consist of substance 
where index of refraction islarge it possesses end of 4, designates 
silicon dioxide as themain component and in comparison with 
aforementioned silicon dioxide film connects to theoptical 
between 2 end of aforementioned first optical waveguide as 
main component. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention it regards matri 
x optical switch which is formed by optical switch element of 
theplural which is a optical circuit and its one which utilize 
optical waveguide where themodulation of lightwave which is 
used with optical communi cation and field etc ofthe optical 
computing, light path it changes, regards optical circuit which 
doesdistribution and amount wave or other control, provides on 
especiallysubstrate. 

[0002] 

[Prior Art] more and more and highly functional system is sou 
ght with large capacity * high speed withthe optical 
comruni cation system diversification of information which is 
made object, attendantupon enlargement of acceleration and 
application region In addition, large capacity data or other 
high speed transmission and treatment which utilize optical 
technology evenwith corrputing field are being done, high- 
level optical circuit occurs light signal of high speed and 
switching control optical transmission line etcbecomes 
necessary with from this kind of system 

[0003] With present practical system, as for light signal it is ac 
quired bythe modulation which injection current of 
semiconductor laser modulation is done directly, butbecause 
wavelength spectrum spreads due to char pin f application is 
difficultto ultra-high speed light transport and coherent light 
transmission . external light modulator is used as means which 
solves this, optical modulator which utilizes optical waveguide 
where efficiency increase , acceleration and the 
miniaturization are possible most is suitable for this objective . 
In addition, optical switch is used for change of optical 
transmission line, but withthe present state mechanical optical 
switch and audio optics optical switch which move prism and 
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fiberetc to mechanical only are utilized with, also both 
operating speed tobe slow are not suited for integration , 
optical switch which utilizes optical waveguide as this Means of 
Solution is superior in thevelocity , integration possibility and 
electricity consurrption or other point. These optical 
modulation , to other than optical switch or other function, 
distribution and also theelement which junctions light signal 
which wavelength multiple of light signal isdonefilteringor 
other being necessary, it can consist after all optical waveguide, 
optical circuit which accumulated these various functional 
element on substrate of theone by utilizing optical waveguide, is 
formed densely becomes possible. 

[0004] Especially, matrix optical switch which is a basic optical 
device in order to construct theswitching network which 
controls connected path of high speed light signal between the 
multiple purchaser when actualizing optical switching system, is 
inportant 

[0005] As materia] of optical waveguide, presently lithium niob 
ate crystal , compound semiconductor , glass and organic 
material etc are reported 8X8 matrix optical switch which is 
formed as one example, by optical waveguide on lithium 
niobate substrate isshown in Figure 5. As for Figure 5 (a) with 
oblique view of 8 X 8 matrix optical switch entirety, as for 
Figure 5 (b) it is aoblique view of directionality connection 
shape optical switch element which among those is used, 
optical switch element 3 of 6 4 being optical waveguide pattern 
2 on lithium niobate substrate 1 in Figure 5 (a), itis connected 
mutually, 8X8 matrix optical switch is formed Fromendface 
of lithiumniobate substrate 1 in optical waveguide of 1 of 
incident side thelight signal 10 which incidence is done is 
selected propagation pathway by option withthe applied voltage 
to optical switch element, radiation does from one among 
optical waveguideof 8 of emerging side. Figure 5 (b) expanding 
optical switch element 3, is something which it shows. In this 
figure, optical waveguide 4,5 of 2 of width several m which 
was formedto surface of lithiumniobate substrate 1 with Ti 
diffusion method being center, proximitydoing mutually with 
spacing of several m extent, it forms optical directional 
coupler 6, theelectrode 7 of one pair is installed on optical 
directional coupler 6. When applied voltage of electrode 7 is 0, 
when it connects incident lightto optical waveguide of another, 
adds suitable voltage with electricity optics effect index of 
refraction changeoccurring in optical waveguide, connection 
becomes 0, propagation pathway of the incident light is 
changed 

[0006] 

[Problems to be Solved by the Invention] But, with lithiumnio 
bate, loss of optical waveguide to be a little large, becauseeither 
shape of substrate is not that rruch large, quantity 
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ofaccumulation possible functional element is small, because 
dielectric constant is large, withthe centralized constant 
electrode capacity becomes large, with travelling wave 
electrode is aor other problem which phase adjustment of drive 
microwave is easy to berestricted rate seriously, As other 
material, there is a compound semiconductor, but with present 
state loss is verylarge, there is a thing or other problem where 
optical waveguide manufacturing precision is not satisfactory. 
As for organic material, dielectric constant is small and, 
because constitutionwhich applied electric field concentrates 
comes off there is a feature that theefficiency increase and 
high speed are possible, but there is a problem that loss islarge. 
In addition, with glass optical waveguide be able to apply 
substrate of large type,in point of loss and optical waveguide 
manufacturing precision it is superior very, but becausethere is 
not a electricity optics effect, there is a problem that optical 
modulator of thehigh speed and actualization of optical switch 
or other active element it is difficult. Then accumulation scale 
is large until recently, optical circuit of thehaving and low loss 
and matrix optical switch of large scale low loss have not been 
acquiredhigh-level function 

[0007] It is as for objective of this invention, accumulation seal 
e to belarge in comparison with conventional optical circuit, 
furthermore low loss to offer thehybrid optical circuit with high 
grade function 

[0008] It is as for other objective of this invention, accumulatio 
n scale tobe large, furthermore low loss low loss to offer matrix 
optical switch with theoptical circuit and large scale with high 
grade function 

[0009] 

[Means to Solve the Problems] As for hybrid optical circuit oft 
his invention, It is formed on silicon dioxide film which was 
formed on silicon substrate, It possesses end of at least one, 
designates silicon dioxide as main componentand it is formed 
on first optical waveguide and aforementioned silicon substrate 
whichconsist of substance where index of refraction is large in 
comparison with theaforementioned silicon dioxide film it 
consists of electrode which is installed inthe second optical 
waveguide and second optical waveguide vicinity which 
designate organic material which is connectedto optical in end 
of aforementioned first optical waveguide as main component, 
densely it makes feature. 

[0010] As for matrix optical switch of this invention, It is form 
ed on silicon dioxide film which was formed on silicon substrate, 
At least end of 4 to possess, It designates silicon dioxide as 
main component and it is formed on first optical waveguide 
andthe aforementioned silicon substrate which consist of 
substance where index of refraction islarge in comparison with 
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aforementioned silicon dioxide film it was constituteddensely it 
makes feature with with optical switch element which consists 
of theelectrode which is installed in second optical waveguide 
and its second optical waveguide vicinity which designatethe 
organic material which is connected to optical between 2 end of 
theaforementioned first optical waveguide as main component. 
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[0011] 

[Work or Operations of the Invention] As for optical circuit of 
this invention, TTrough silicon dioxide (SiOB) film which 
becomes buffer layer on Si substrate in SiQ2which is installed Ge 
or other index of refraction partially is inserted it consists of 
theorganic optical waveguide which in portion of glass optical 
waveguide and glass optical waveguide which were formed bythe 
material which substance which increases dope is done, optical 
modulator and optical switch or other active element consist 
organic optical waveguide, connect between each active element, 
optical waveguideand splitting circuit or other passive element 
which metallization are done consist above-mentionedglass 
optical waveguide. Now, region of organic optical waveguide 
where propagation loss is large is made as smallas possible, as 
for other optical waveguide portion which is easy to generate 
loss theaccumulation scale to be large and optical circuit of low 
loss is acquiredby using small glass optical waveguide of 
propagation loss. In addition, optical coupling loss can be made 
small with connection of endfaceof both optical waveguide 
organic material where index of refraction is close to theabove- 
mentioned glass optical waveguide as material of optical 
waveguide by choosing. With large type and inexpensive 
substrate is acquired with flat by using thesilicon substrate where 
technology is established as one for LSI, silicon 
dioxideadjustment of production process of optical waveguide of 
main component is good,the or other benefit occurs. In 
addition, because as for hybrid optical circuit of this invention, 
silicon dioxide as forthe optical waveguide of main component 
with process of 200 °C extent or less which produces 
theorganic optical waveguide after does not receive influence 
completely at time of theproducing, as for optical waveguide of 
both there is a feature that itcan select optimum process 
condition in independence. 
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[00 12] 

[Working Example(s)] Referring to drawing next, you explain 
Working Example of this inventioa 

[0013] Figure 1 shows oblique view of optical transmission circu 
it which is a one Working Exanple of thehybrid optical circuit 
with this invention . In Figure 1, semiconductor laser 41 of 
wavelength 1 .3 m, semiconductor laser 42 of wavelength 1 .5 
m, thebranched interference shape optical modulator 22,23 
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which is connected to semiconductor laser 41 ,42 respectively, 
thecombination wave are done directionality connection shape 
optical switch 25 whichchanges path of emitted light of 
multiplexer 24 and multiplexer 24 which, theemitted light 
waveguide 26,27 which leads emitted light of directionality 
connection shape optical switch 25 to theoptical fiber 43,44 
has been installed emitted light of branched interference shape 
optical modulator 22,23 on the silicon substrate 2 1 . With here, 
As for optical waveguide on silicon substrate 2 1 in silicon 
dioxide consists of material whichthe titanium dioxide doped is 
done optical waveguide region 15 of first which, We are divided 
by second optical waveguide region 16 which was formed by 
organic polymeric material , as for thebranched part and 
confluence part , nultiplexer 24 and emitted light waveguide 26, 
27 of branched interference shape optical modulator 22,23with 
optical waveguide of first which consists of material which 
thetitani urn dioxide doped is done, phase shifting part of 
branched interference shape optical modulator 22,23, as forthe 
respective 28,29 and 30, 3 1 and directionality connection 
shapeoptical switch 25 it is a second optical waveguide which 
was formed by organic polymeric material in all silicon dioxide, 
electrode which consists of metal filmis respectively installed 
on the second optical waveguide. In addition, buffer layer 34 
which consists of silicon dioxide which was formedwith thermal 
oxidation method or CVDn^thod is formed between silicon 
substrate 21 and theabove-mentioned optical waveguide. 

[0014] Figure 2(a) ,(b) shows sectional view of vertical direction 
in optical waveguide of respectiveflrst and light propagation 
direction of second optical waveguide. In Figure 2(a), first 
optical waveguide 35 after with CVD method forming film of 
theoptical waveguide on buffer layer 34, is formed by 
photolithography technology and dry etching technology , 
width, the thickness is several mto 10 m extent together. 
In addition, silicon dioxide filmit is installed on optical 
waveguide as cladding layer 36. endface of optical waveguide 
which second optical waveguide is connected cut i sal most done 
vertically with dry etching or other method . On buffer layer 
34 organic polymeric material with spin coating coating it does 
second optical waveguide 37 inthe almost same thickness as 
optical waveguide of first in Figure 2(b), thecoating it does on 
that with small organic material of index of refraction as 
cladding layer 38in comparison with above-mentioned material , 
it does polarization the after that under environment of 100 to 
200 °C by applying doing theelectric field in film thickness 
directioa Furthermore through photomask, irradiating 
ultraviolet light to portionother than portion of optical 
waveguide from on, it forms by fact thatit decreases index of 
refraction of periphery, metal fi lm electrode 39 is formed 
lastly on cladding layer of optical waveguide upper part. 

[0015] It operates optical transmitter of this working example, 
in respectiveindependence with branched interference shape 
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optical modulator 22,23 modulation doing laser light ofthe 2 
wavelength in high speed, multiple optical fiber 4 3 or 4 4 
selectively incidence doing onone hand with optical switch 25 , 
it transmits with multiplexer 24. Namely, wavelength multiple 
high speed light signal transmitter is acquired As expressed here, 
before, because dielectric constant of second optical waveguide 
is small, bydesignating electrode of branched interference shape 
optical modulator 22,23 as travelling wave electrode, light 
signalofhigh speed can be acquired with LiNb03 substrate in 
comparison with theoptical modulator . In addition, function 
and performance which are similar to this working example 
arenot acquired with conventional optical circuit with such as 
other Li Nb03 and semiconductor forrestricting substrate shape 
and restriction of propagation loss. 

[0016] Figure 3 is oblique view of 8 X 8 matrix optical switch w 
hich is a one Working Example of matrix optical switch 
withthe this invention . In Figure 3, fundamental functional 
configuration as 8 X 8 matrix optical switch has consisted of 
optical waveguide 5 1 whichconnects those with directionality 
connection shape optical switch element 45 of same 6 4with 
conventional Li Nb03 which is shown in Figure 5, also 
fundamental operations same as Prior Art Example. However, 
regarding this working example, it can provide optical 
waveguide on silicon substrate 21, the directionality connection 
shape optical switch element 45 with organic polymer of 
Working Example of allFigure 1 is formed with optical 
waveguide of same structure as second optical waveguide, 
theother optical waveguide are formed with optical waveguide of 
same structure as first optical waveguideof Working Example of 
all Figure 1 . However cladding layer which is provided in 
optical waveguide upper part regarding this working example,is 
all same organic material. 

[0017] Oblique view of optical switch element in 8 X 8 matrix o 
ptical switch of this working example is shown in theFigure 4. 
buffer layer 34 is formed on si licon substrate 2 1 , connected 
optical waveguide 5 1 which designatesthe silicon dioxide as main 
component on that is formed after that, organic polymeric 
material of almost same thickness as theconnected optical 
waveguide coating is done in entire surface and ultraviolet light 
isirradiated to portion other than optical waveguide of optical 
switch element, organic film 52 coating is done in entire 
surface after this, as cladding layer, theelectrode 53 is installed 
in upper part of optical switch element. As a result, optical 
switch element 45 which consists of organic optical waveguide 
54 which installs theelectrode in connected optical waveguide 
5 1 and upper part which edge surface connects isformed 

[0018] 

[Effects ofthe Invention] Like above with hybrid optical circuit 
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of this invention accumulation scale is largein comparison with 
conventional optical circuit, furthermore low loss optical circuit 
isacquired with high grade function, in addition, low loss matrix 
optical switch is acquiredwith large scale. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a figure which shows optical transmission circuit 
which is a one Working Example of thehybrid optical circuit 
with this invention . 

[Figure 2] It is a figure which shows cross section of first optical 
waveguide and second optical waveguide whichare used for this 
invention 

[Figure 3] It is a figure which shows 8X8 matrix optical switch 
which is a one Working Example of matrix optical switchwith 
this invention . 

[Figure 4] It is a figure which shows optical switch elenent whic 
h is used for Working Example ofthe Figure 3. 

[Figure 5] It is a figure which shows conventional matrix optical 
switch. 

[Explanation of Reference Signs in Drawings] 
21 silicon substrate 

34 buffer layer 

35 first optical waveguide 
37 second optical waveguide 
39 metal filmelectrode 

45 optical switch element 

5 1 connected optical waveguide 

54 organic optical waveguide 
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[Figure 1] 
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[Figure 2] 
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[Figure 3] 
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[Figure 4] 
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[Figure 5] 
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